Attentional control has been conceptualized as executive functioning by neuropsychologists and as working memory capacity by experimental psychologists. We examined the relationship between these constructs using a factor analytic approach in an adult life span sample. Several tests of working memory capacity and executive function were administered to more than 200 subjects between 18 and 90 years of age, along with tests of processing speed and episodic memory. The correlation between working memory capacity and executive functioning constructs was very strong (r ϭ .97), but correlations between these constructs and processing speed were considerably weaker (rs Ϸ .79). Controlling for working memory capacity and executive function eliminated age effects on episodic memory, and working memory capacity and executive function accounted for variance in episodic memory beyond that accounted for by processing speed. We conclude that tests of working memory capacity and executive function share a common underlying executive attention component that is strongly predictive of higher level cognition.
Theories of cognitive control typically include an executive component that is responsible for coordinating goal-directed behavior (Baddeley & Hitch, 1974; Balota, Law, & Zevin, 2000; Braver, Gray, & Burgess, 2007; Hasher & Zacks, 1988; Jacoby, Bishara, Hessels, & Toth, 2005; Logan, 2003; Miyake et al., 2000; Posner & DiGirolamo, 1998; Shallice & Burgess, 1993) . This executive control mechanism has been conceptualized in different ways, with experimental psychologists typically studying the working memory system (Baddeley, 1986) and neuropsychologists typically studying frontal lobe, or executive, functioning (Fuster, 1997) . Historically, there have been notable differences in the way executive functioning and working memory have been conceptualized. In the current study, we investigated the relation between these constructs, and specifically examined the extent to which they share common variance at the latent variable level in a life span sample of adults between 18 and 90 years of age.
Executive Functioning
The concept of executive functioning (EF) occupies a central role in neuropsychological theories of behavior control (Ferrier, 1886; Luria, 1973; Stuss & Knight, 2002) . Although models of EF differ considerably, generally speaking, EF includes processing related to goal-directed behavior, or the control of complex cognition, especially in nonroutine situations (Banich, 2009; Fuster, 1997; Lezak, 1995) . Executive functions include control functions related to inhibition of prepotent responses, shifting mental sets, monitoring and regulating performance, updating task demands, goal maintenance, planning, working memory, and cognitive flexibility, among others.
The term executive functioning has often been used synonymously with the term frontal lobe functioning when describing the cognitive functions associated with the voluntary control of behavior (Carlson, 2005; Salthouse, Atkinson, & Berish, 2003; Stuss & Knight, 2002) . Although it is certainly the case that any task or ability recruits many disparate brain areas, EF tasks share the common characteristic of recruiting frontal areas (Alvarez & Emory, 2006) , and thus we use these terms interchangeably with this caveat in mind. Thus, sensitivity to frontal functioning may be considered a necessary, but not sufficient, criterion for a task to be considered an EF task. Related to the issue, we note too that frontal lobe functioning is also related to many other functions, such as social functioning, including impulse control, emotion regulation, and personality (Gray, Chabris, & Braver, 2003) . However, most neuropsychological measures of frontal or executive function have been aimed at assessing the fluid abilities associated with the frontal lobe and share the characteristic that they recruit the dorsolateral prefrontal cortex, whereas social functions associated with the frontal lobes typically recruit orbital frontal areas and, thus, can be dissociated on anatomical, in addition to behavioral, grounds (Phillips & Della Sala, 1998) . Thus, for the purposes of this article, the terms frontal or executive functioning refer specifically to this narrower, traditional use of EF as a fluid ability construct.
Whether EF should be conceptualized as a unitary construct or several diverse functions has been a matter of considerable debate (Duncan, Johnson, Swales, & Freer, 1997; Miyake, Friedman, Rettinger, Shah, & Hegarty, 2001; Stuss & Alexander, 2000; Teuber, 1972) . Recently, many have suggested that executive functions (EFs) are best conceptualized as distinct functions that are only loosely related, and many neuropsychologists consider working memory to be one of several disparate EFs that control cognitive performance (Blair, Zelazo, & Greenberg, 2005; Fletcher, 1996; Pennington, Bennetto, McAleer, & Roberts, 1996; Pennington & Ozonoff, 1996; Rapport, Chung, Shore, Denney, & Isaacs, 2000; Zillmer & Spiers, 2001) . Others have argued that all EFs share a common executive attention component (Blair, 2006; Duncan, Emslie, Williams, Johnson, & Freer, 1996; Shallice & Burgess, 1993) . Recently, many researchers have taken a position on this issue occupying the middle ground, with EF characterized as consisting of both unity and diversity of function (Banich, 2009; Friedman et al., 2008; Garon, Bryson, & Smith, 2008) . We maintain a similar theoretical approach here, although our study focuses empirically on the unity of EF.
Because different researchers have traditionally considered EF as being either a unitary or diverse construct, the measurement of EF has become a complex issue. Traditionally, specific tasks have been aligned with specific executive functions, which reflects the idea that EF consists of a diverse set of loosely related constructs. However, others have noted that particular EF tasks likely measure multiple EFs. Thus, at the outset it is important to describe the different EFs that the tasks we used in our battery have been proposed to measure. In the current study, we used the Wisconsin Card Sorting Test (WCST; Heaton, 1993) , the verbal fluency test (Thurstone, 1938) , the mental control test (Wechsler, 1997b) , and the mental arithmetic test (Wechsler, 1997b) , each of which has been aligned with multiple EFs. The WCST is often used to measure set shifting or mental flexibility (Ashendorf & McCaffrey, 2008; Rhodes, 2004) , but is also believed to measure inhibition of previous task sets (Salthouse et al., 2003) , problem solving (Greve et al., 2002) , strategic updating of goals based on feedback (Bishara et al., in press) , abstract thinking (Shad, Muddasani, & Keshavan, 2006) , and concept formation (Cinan, 2006) . The verbal fluency test is believed to measure inhibitory functioning (Mahone, Koth, Cutting, Singer, & Denckla, 2001) , but also is believed to measure memory monitoring (Rosen & Engle, 1997) and switching between retrieval strategies (Troyer, Moscovitch, & Winocur, 1997) . The mental arithmetic test has been used to measure response selection (Deschuyteneer & Vandierendonck, 2005) , but also is believed to measure updating (or working memory; Deschuyteneer, Vandierendonck, & Muyllaert, 2006) . Finally, the mental control test has been used to measure maintenance of task set (Lamar, Swenson, Kaplan, & Libon, 2004) , but also is believed to require strategic retrieval (Wechsler, 1997b) . Thus, the approach of aligning specific tasks with specific EFs appears to oversimplify issues related to measuring EFs, given that no EF tasks appear to be "process pure" (see Jacoby, 1999) , an issue we return to below.
The foregoing analysis of the specific tasks used in our study highlights the issue of task impurity that has been problematic in previous research, as well as highlighting that most EF tasks require multiple distinct EFs. We also hope that this task analysis convinces readers that the tasks we used to measure EF assess multiple distinct EFs. As a point of comparison, Miyake and colleagues (Friedman et al., 2006 (Friedman et al., , 2008 Miyake et al., 2000) have used multiple tests of each of three distinct EFs-shifting, updating, and inhibition-and many other research groups have also used this approach (Garon et al., 2008; Hull, Martin, Beier, Lane, & Hamilton, 2008; Van der Sluis, de Jong, & Van der Leij, 2007) . Certainly, the EF battery we used measures these three EFs; thus, we believe it provides a valid assessment of at least several EFs that have been thoroughly studied previously. As another point of comparison, other EF batteries have attempted to measure more than just a few EFs. For example, the Delis-Kaplan EF battery purports to measure several EFs, including flexibility of thinking, inhibition, problem solving, planning, impulse control, concept formation, abstract thinking, and creativity (Delis, Kaplan, & Kramer, 2001; Homack, Lee, & Riccio, 2005) . The four tasks we used to measure EF appear to measure most of these, including flexibility of thinking, inhibition, problem solving, impulse control, concept formation, and abstract thinking. Thus, we believe that the EF tasks we employed in the current study are representative of most of the EFs that have been studied extensively in the literature thus far, although, like other studies, it does not provide an exhaustive sampling of all EFs.
The tests we used to measure EF in the current study also have several potential advantages not shared by other potential EF test batteries. First, the tasks we used included four of five tasks included in a battery that has been used extensively in previous research (Butler, McDaniel, Dornburg, Price, & Roediger, 2004; Glisky, Polster, & Routhieaux, 1995; Glisky, Rubin, & Davidson, 2001; McDaniel, Glisky, Rubin, Guynn, & Routhieaux, 1999; Roediger & Geraci, 2007; Van Petten et al., 2004 ). Second, this task battery has been used in younger and older adult samples (Chan & McDermott, 2007; Glisky & Kong, 2008) . Third, the battery of tasks has been shown to have a reliable factor structure in these previous studies (Glisky & Kong, 2008; Glisky et al., 1995) . Fourth, the battery of EF tasks we used has been shown to be related to episodic memory performance in previous studies, which is the outcome measure we used in the current study (discussed below). Finally, the tasks we used did not use differences in response times as the outcome measure, which are psychometrically problematic in cognitive aging research (see Faust, Balota, Spieler, & Ferraro, 1999) .
With respect to the role of aging in EF, the frontal aging hypothesis has been developed (Moscovitch & Winocur, 1992; Rodríguez-Aranda & Sundet, 2006; West, 1996; West & Schwarb, 2006) , which is an explanation similar to the working memory aging hypothesis (described in the next section), but more closely associated with neuropsychology and cognitive neuroscience. According to this hypothesis, aging leads to structural and functional declines in the frontal lobes, and these changes lead to ubiquitous effects on complex cognition by affecting executive control functions (Phillips & Della Sala, 1998; West, 1996) . Indeed, there is considerable support for the idea that age has a larger effect on changes in the frontal cortex compared with many other brain areas (Raz, 2005) , although it should be noted that not all frontal areas decline at similar rates with advancing adult age (Phillips & Della Sala, 1998) . Specifically, evidence indicates that the dorsolateral prefrontal cortex is more acutely affected than the orbital frontal areas (Bäckman, Ginovart, & Dixon, 2000; Li & Lindenberger, 2002) . Other frontal brain areas, such as orbital frontal areas, are associated with social and emotional functioning and do not show dramatic age-related declines (Phillips & Della Sala, 1998) . Thus, there is support for the specificity of age-related structural declines in prefrontal cortex that is consistent with the frontal aging hypothesis.
Working Memory Capacity
The concept of working memory has become central to many theories of the control of thought and action in cognitive psychology Hasher, Lustig, & Zacks, 2007; Oberauer, 2005) . Although there is disagreement among researchers about the specific definition of working memory, the working memory system is typically described as the system responsible for active maintenance and manipulation of information over brief time periods (Miyake & Shah, 1999) . This system is viewed as a part of larger memory architecture, in which information is perceived, attended to, and retrieved (Baddeley, 1986; Cowan, 2005; Unsworth & Engle, 2007a) . Historically, the most influential model of the working memory system has been the multiple component model, which divides the system into modality-specific rehearsal buffers, that is, the phonological loop and visuospatial sketchpad, and a modality-independent central executive component (Baddeley, 1986; Baddeley & Hitch, 1974) . The central executive is responsible for controlled processing in working memory, including but not limited to directing attention, maintaining task goals, decision making, and memory retrieval. Notably, other models of working memory also posit a central executive or a common attentional control mechanism similar to the central executive (Cowan, 1999; Engle, Tuholski, Laughlin, & Conway, 1999; O'Reilly, Braver, & Cohen, 1999) .
A great deal of recent research has been devoted to examining individual differences in working memory capacity (WMC), which is conceptualized as the efficiency of the central executive component of the working memory system, that is, the coordination of multiple cognitive functions (Engle et al., 1999; Salthouse, 1990) . By far the overwhelming majority of studies examining individual differences in WMC have used complex span tasks (e.g., reading span; Daneman & Carpenter, 1980) to measure WMC. A plethora of studies has shown that WMC, as measured by complex span task performance, is related to higher level cognition, including measures of episodic memory (Kane & Engle, 2000; McCabe & Smith, 2002; McCabe, Smith, & Parks, 2007; Park et al., 1996 Park et al., , 2002 , reasoning (Barrouillet, & Lecas, 1999; Kyllonen & Christal, 1990) , reading comprehension (Daneman & Carpenter, 1980; Lustig, May, & Hasher, 2001) , and fluid intelligence (i.e., Colom, Rebollo, Palacios, Juan-Espinosa, & Kyllonen, 2004; Engle et al., 1999) , to name but a few.
Engle and colleagues have investigated individual differences in WMC in young adults, and have argued that WMC is related to the ability to control attention, particularly under conditions of interference or distraction (see , for a review). It is important to note that in many situations in which cognition and behavior can be controlled under conditions that do not include distraction or interference, there are no differences in performance as a function of WMC (Kane, Bleckley, Conway, & Engle, 2001; Kane & Engle, 2003) . Data have generally supported the con-trolled attention framework, and suggest that control is particularly important in situations that place a premium on active maintenance of task goals in the face of distraction or require the retrieval of information under conditions of response competition (Conway & Engle, 1994; Unsworth & Engle, 2007a) . For present purposes, it is important to point out that complex span tasks share a common executive attention component that is related to higher level cognition (Engle et al., 1999; Kane et al., 2004) . Thus, unlike the debate in the EF literature regarding the unity or diversity of EFs, WMC (i.e., central executive functioning) has typically been conceptualized as a unitary executive attention construct related to many kinds of higher level cognition.
The study of working memory has also benefited from studies examining the effect of adult aging on WMC. Findings indicate that aging leads to declines in working memory performance, and that these declines in WMC mediate the relationship between age and higher level cognition (Park et al., 1996 (Park et al., , 2002 . Although the nature of explanations of age-related differences in working memory differ (e.g., see Hasher & Zacks, 1988; McCabe & Smith, 2002; Park et al., 2002; Salthouse, 1996) , all of the explanations share the common idea that individual differences in WMC reflect individual differences in attentional processing. Other similar explanations of age differences in attentional processing have been offered as well (e.g., Balota et al., 1999; West & Bowry, 2005) , and each explanation suggests that age-related declines in attentional processing will have wide-ranging effects on higher order cognition. Moreover, nearly all of the explanations suggests that age-related declines in frontal lobe functioning are related to the observed age-related declines in working memory task performance, which is consistent with research focused on the neural substrates of working memory functions (Braver et al., 2007; O'Reilly et al., 1999) .
The Relationship Between Working Memory Capacity and Executive Function
As described above, WMC and EF have been conceptualized very differently by researchers in neuropsychology and experimental psychology, although there appear to be commonalities with respect to the neuroanatomical substrates of WMC and EF and age-related differences associated with them. In the current article, we take the position that there can be a common attentional control construct that underlies EF and WMC tasks, yet these tasks may also tap specific abilities that are not shared among different tasks. Thus, the current article focuses on investigating the degree to which EF and WMC tasks share a common underlying attentional ability, which we label executive attention, following the framework of Engle, Kane, and colleagues (cf. Kane & Engle, 2002; McVay & Kane, 2009) .
Although most theorists would acknowledge a relationship between EF and WMC, the extent to which these constructs share a common underlying ability remains unclear. In the present study, we gained leverage on this issue with a two-pronged approach. First, across a life span sample of adults, we investigated the amount of variance that was common to WMC and EF, and examined whether the variance common to these two constructs was distinct from a general ability construct that is pervasive in the aging literature, namely, processing speed. Second, we examined whether WMC and EF showed a similar relationship with a key complex cognitive ability, namely, episodic memory. Related to this objective, we assessed the degree to which these constructs accounted for age-related variance in episodic memory performance.
To the extent that WMC and EF share a common underlying executive attention ability, we should find that (a) the correlation between the factors assessing WMC and EF is very high; (b) the correlation between WMC and EF factors is higher than the correlation with other general abilities, such as processing speed; and (c) structural equation models will show that both WMC or EF account for similar proportions of variance in episodic memory performance. Alternatively, if the two constructs do tap distinct abilities, at least in part, then we should find that (a) the correlation between WMC and EF should be moderate at best; (b) the correlation between WMC and EF may be similar to correlations with a general ability construct, such as processing speed; and (c) WMC or EF may account for unique variance in episodic memory performance that is distinct from the other factor.
Measurement of Executive Functioning and Working Memory Capacity
The way in which concepts like working memory capacity and executive function are operationalized has had considerable impact on our theoretical understanding of these concepts, but the best approach to measuring these constructs is unclear. With respect to the measurement of WMC, the development of complex span tasks in the early 1980s has provided a means by which to examine individual differences in the efficiency of the central executive component of the working memory system (Daneman & Carpenter, 1980) , and this approach has become the generally accepted method to date (however, see Cowan et al., 2005) . Indeed, a great number of studies have used this approach of measuring performance on complex span tasks, often employing several tasks and using factor analytic approaches, and showing that complex span task performance is strongly related to higher level cognition (see , for a review). Although the exact nature of this correlation is a topic of debate, most explanations suggest that a common executive attention process underlies complex span tasks and higher level cognition.
With respect to the measurement of executive function, the use of factor analytic techniques in recent years has helped to address issues of "task impurity" and task reliability to some extent (e.g., Miyake et al., 2000) , but even within this factor analytic approach, there are differences in the specific research strategies employed. Some have taken the approach of administering several measures of each of several distinct EF tasks to create distinct EF factors (e.g., Friedman et al., 2008; Hedden & Yoon, 2006; Miyake et al., 2000) , whereas others have administered several measures of EF (or frontal) tasks to create a single EF factor (Albert, Blacker, Moss, Tanzi, & McArdle, 2007; Ettenhofer, Hambrick, & Abeles, 2006; Glisky et al., 1995; Salthouse et al., 2003; Wilson, Alderman, Burgess, Emslie, & Evans, 1996) . The first approach, that is, administering several measures of each of several EFs, has the benefit of allowing researchers to examine the relations between distinct EFs and various outcome measures, but has the shortcoming of potentially overlooking variance that is common to all EF tasks (note that correlating three distinct EF factors does not account for the variance overlapping all three factors; e.g., Miyake et al., 2000) . The second approach, that is, administering several EF (or frontal) tasks to create a single EF factor, has the benefit of allowing researchers to examine the variance common to multiple EF tasks, thereby capturing the unity of EF, but it has the shortcoming of treating variance specific to individual EF tasks as measurement error. There seems to be growing consensus in recent years suggesting that a comprehensive understanding of executive functioning requires an understanding of both the unity and diversity of EFs (Friedman et al., 2008; Garon et al., 2008) . As such, there is no "correct" approach to measuring EF, but rather different approaches are suited to investigating the unity or diversity of EF. In the present study, we were interested in gaining a better understanding of the unity of EF and its similarity or dissimilarity as compared to WMC; thus, the common factor approach to measuring EF was most appropriate for our purposes. That said, we acknowledge that distinct EFs may exist, despite our focus on the unitary aspects of EF and WMC.
The Present Study
In the present study, we administered multiple tests of WMC and EF to an adult life span sample, along with measures of other constructs of interest (e.g., processing speed, episodic memory). We estimated correlations between WMC and EF to determine the degree to which their variance was identical or distinct from one another. We also investigated relations of each construct to a general processing resource construct, that is, processing speed, to show that WMC and EF were distinct from a general fluid ability construct. Finally, we examined whether WMC and EF accounted for age-related differences in episodic memory to examine the predictive power of each construct.
As mentioned previously, the way in which each construct is operationalized is clearly of paramount importance when examining the validity of multiple constructs. We took the approach of using sets of tasks (i.e., test batteries) that have been used successfully in previous studies of cognitive aging. Specifically, we used a battery of complex WMC tasks modeled after Park et al. (2002) and a battery of executive (or frontal) tasks that has been used extensively by Glisky and colleagues (Glisky et al., 1995 (Glisky et al., , 2001 ) and other researchers (e.g., Butler et al., 2004; Henkel, Johnson, & DeLeonardis, 1998; Roediger & Geraci, 2007) . Each test battery included a mix of verbal and visuospatial tests in an effort to reduce the influence of modality-specific variance on the common factors.
The Role of WMC and EF in Episodic Memory
One of the primary reasons that cognitive control constructs like WMC and EF are useful and interesting is because they are related to higher level cognitive abilities, which can reveal information about how the cognitive system operates. With respect to using an individual differences approach to understanding cognitive control, a construct is only useful to the extent that it relates to higher level cognitive abilities. Thus, in addition to examining the relation between WMC and EF in the current study, we also examined whether each of these constructs was related to performance on tests of episodic memory.
Both WMC and EF have been central to theorizing about episodic memory, and empirically both constructs are strongly related to episodic memory performance. Indeed, one of the defining characteristics of episodic memory is that recollective experiences associated with episodic remembering are dependent on attention-demanding encoding and retrieval processes. For example, Oberauer (2005) found that WMC predicted an estimate of recollection, which is an attention-demanding retrieval process, whereas WMC was unrelated to familiarity, which is a retrieval process that does not require controlled attention (see also Delaney & Sahakyan, 2007; Kane & Engle, 2000; McCabe & Smith, 2002; McCabe et al., 2007; Rosen & Engle, 1998; Watson, Bunting, Poole, & Conway, 2005) . Moreover, WMC has been shown to mediate the relationship between aging and episodic memory (Park et al., 1996 (Park et al., , 2002 . EF has also been closely linked to episodic memory performance. For example, EF is important for strategic encoding and retrieval processes, including organization and monitoring, which are involved in recall tasks. And tests of EF are related to performance on several types of attention-demanding episodic memory tasks and have been found to the mediate age-related differences in episodic memory (Bugaiska et al., 2007; Ferrer-Caja, Crawford, & Bryan, 2002; McCabe, Roediger, McDaniel, & Balota, 2009; Taconnat, Clarys, Vanneste, Bouazzaoui, & Isingrini, 2007; Troyer, Graves, & Cullum, 1994) . Thus, previous research suggests that both WMC and EF constructs should predict episodic memory, but it is unclear whether either would predict unique variance in performance not predicted by the other construct.
The Role of Processing Speed in Cognitive Aging
The speed at which people process information is believed to constrain performance on all cognitive tasks, and thus processing speed can be conceived as a general processing resource related to higher level cognition (Salthouse, 1996) . Various theories of how processing speed affects higher level cognition, including agerelated differences in cognitive performance, have been proposed (Faust et al., 1999; Fry & Hale, 1996 Salthouse, 1996) . For example, Salthouse (1996) has suggested that processing speed constrains performance on episodic memory tasks through two mechanisms: limited time and simultaneity. The limited time mechanism operates by constraining the amount of time that elaborative rehearsal can be completed during study or that search processes can be engaged during retrieval. Slower processing also limits the amount of information that will simultaneously be available for processing, limiting the number of associations that can be created at study or accessed during retrieval. Indeed, in some studies, controlling for processing speed has accounted for nearly all the age-related variance in episodic memory (see Salthouse, 1996 , for a review of early studies). Moreover, age-related declines in WMC are related to declines in processing speed (Park et al., 1996) . In the present study, including processing speed allowed an examination of whether WMC and EF were distinct from processing speed. Moreover, the present study allowed us to investigate whether WMC and EF accounted for unique age-related variance in episodic memory beyond that accounted for by processing speed (cf. Park et al., 1996) .
In summary, the present study addressed three major questions: First, to what extent do WMC and EF measures share common variance? Second, to what extent is the variance common to WMC and EF tasks distinct from processing speed? Third, what is the relation between the variance common to WMC and EF tasks and age-related differences in episodic memory?
Method Participants
Two hundred six adults (119 women and 83 men) between the ages of 18 and 90 participated in this study (approximately 30 people per decade). For purposes of clarity of presentation, demographic characteristics were broken down into four age groups with roughly identical numbers of subjects: younger (18 -35 years), middle age (36 -55 years), younger-old (56 -70), and olderold (71-90). These data are presented in Table 1 . Subjects were recruited from the Volunteers for Health participant pool, which is maintained at the Washington University in St. Louis School of Medicine for purposes of screening and matching potential research participants with appropriate studies. There were no significant differences for age groups for percentage of female subjects (59%), self-reported health (4.20 of a maximum of 5.00), or number of years of education (15.20; Fs Ͻ 1.09). Age was positively correlated with the number of medications participants took on a regular basis (r ϭ .46), and with Shipley vocabulary scores (r ϭ .20; ps Ͻ .01). All participants who were included in the analysis had a minimum of high school education and scored greater than 26 on the Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975 ; see Results section for exclusion criteria).
General Procedure
Participants were tested in two sessions, each lasting approximately 2.5 hr. The first session included individually administered tasks, whereas the second session included group-administered tasks. There were three or fewer subjects tested at a time in the second session, and subjects tested in the same group never differed in age by more than 20 years. Sessions were at least 1 week apart, but never more than 3 weeks apart. Working memory capacity. WMC was assessed using four complex span tasks, each of which required that participants concurrently maintain and manipulate information in working memory. The reading span task used the sentences from Stine and Hindman (1994;  we thank E. A. L. Stine-Morrow for providing these stimuli). Participants read sentences that were presented one at a time on the computer screen, such as "The four-footed animal that barks is the mouse," and were asked to decide whether the sentences were true or false. They verbally answered "yes" or "no" (or "true" or "false" if they preferred), and the experimenter then advanced the computer to the next screen and sentence. Both speed and accuracy were stressed in the instructions. Participants were asked to commit the last word in each sentence (i.e., mouse) to memory and recall the to-be-remembered words in serial order when they saw a series of question marks on the screen. The number of sentences per trial began with one sentence and proceeded through five sentences if the participant correctly recalled in order two of the three trials at the previous length. Thus, the procedure involved a stair-step presentation, such that more difficult (i.e., longer) trials were attempted if participants were successful with easier trials. Three trials were presented at each length, and the task was stopped after a participant missed two of three trials at trial lengths of three or more (i.e., trials through lengths of three were completed regardless of accuracy on the previous trials). The number of trials on which all words were correctly recalled in their serial order was the dependent measure. Note that because we used a stair-step procedure to administer the span tasks, and discontinued the task when participants failed to correctly recall two of the three trials at a given length, there is little difference in the variability using the traditional scoring method that we used and partial scoring methods that have been used by others in recent studies that have employed a randomized presentation method (e.g., Conway et al., 2005; Unsworth & Engle, 2007b) .
The other WMC tasks were procedurally very similar to reading span. The computation span task, based on Salthouse and Babcock (1991) , was identical except that the processing component involved solving arithmetic problems and participants recalled digits. Participants read equations involving addition or subtraction of single digit numbers (3 ϩ 6 ϭ 10?), verbally responded "yes" or "no," indicating whether the equation was correct, and attempted to remember the middle number in each equation (i.e., 6) in serial order. The equations never involved the same numbers being added or subtracted, and the answer was never a negative number. Incorrect answers were always one digit higher or lower than the correct answer. The letter rotation span task, based on Shah and Miyake (1996) , was structurally identical to the other tasks as well, except that the processing component involved determining whether rotated letters were presented in their normal orientation or were mirror reversed. Participants recalled the locations of the tops of these letters in serial order. The letters were R, F, and P, which were rotated at an angle of 45, 90, 135, 180, 225, 270, or 315 degrees. Thus, determining whether the letter was mirror reversed required mental rotation of the letter. The same letter was used on a given trial for all the processing phases, with each letter being used for one trial at each trial length. Participants were also required to remember where on the screen the top of the letter was located, and these locations were recalled by having participants point to the locations in correct order on a "recall grid" that included eight possible locations.
The match span task was developed for the current study and was designed to be structurally identical to the other working memory tasks in terms of interleaving maintenance and processing tasks. The processing component involved determining whether two digits "matched" in terms of being odd or even, and participants recalled digits that were presented for 1 s following the completion of each processing component. Thus, for example, for a trial of length two, participants would see 47 and say "no," then see 8 that they would try to commit to memory, then they would see 62 and say "yes," and then they would see a 4 that they would try to commit to memory. Finally, they would see a series of question marks prompting recall of the digits in serial order after presentation of the final digit.
Executive functioning. The EF factor was based on four of the five measures used by Glisky and colleagues to measure frontal or executive function (Glisky et al., 1995; Glisky & Kong, 2008; Van Petten et al., 2004) . We did not include the backward digit span measure from the Glisky et al. (1995) EF battery because it is a span task and may have inflated the correlation between the EF and WMC factors because all of the WMC tasks were span tasks. The tasks from the EF battery are briefly described here. The WCST (Heaton, 1993) involves sorting cards on the basis of one of three dimensions (i.e., color, shape, or number). After a participant has successfully sorted 10 cards consecutively on the basis of one dimension, unbeknownst to the subject, the sorting rule changes, and cards must be sorted on another dimension. Participants received feedback after every trial indicating whether they were correct or incorrect. The number of categories achieved was used as the criterion measure by Glisky et al., but because this score showed ceiling effects for younger participants in the current study, we used the number of perseverative errors as the criterion measure (the sign for the correlations including this measure has been reversed to make it consistent with the other measures in the study). In the verbal fluency task, subjects were given 1 min to generate as many words as possible for a given letter. The letters used were F, A, and S (Thurstone, 1938) . Mental arithmetic involved completing a series of progressively more difficult arithmetic problems that were verbally spoken and had to be computed without aid of pen and paper; the answer is given verbally (Wechsler, 1997b) . A summary score is based on accuracy, with additional points given for faster answers. Mental control required participants to quickly articulate various well-learned categories of information (e.g., the days of the week; months of the year) in forward and reverse orders (Wechsler, 1997a) , as well as switching between articulation of different categories (e.g., switching between saying days of the weeks and subtracting by 7s). A summary score is based on accuracy, with additional points given for faster answers.
Perceptual speed. Perceptual speed was measured using the digit-symbol substitution task (Wechsler Adult Intelligence Scale-Third Edition; Wechsler, 1997b) and the letter and pattern comparison tasks (Salthouse & Babcock, 1991) . Digit-symbol substitution requires subjects to quickly draw symbols below numbers according to a "look-up" key at the top of the page. The number of items completed in 90 s was used as the speed measure. The letter and pattern comparison tasks required subjects to do simple comparisons of letter strings and simple line drawings (i.e., patterns) to determine whether they were the same or different. The number of items correctly completed in 30 s for each of two pages was used as the measure of processing speed for each task.
Vocabulary. Vocabulary measures were also included in the present study as a measure of general knowledge. Vocabulary was measured using the synonym and antonym tests (Salthouse, 1993) and the Shipley Institute Living Scale vocabulary test (Zachary, 1986) . The synonym test is a 10-item multiple-choice test in which subjects must select a synonym to a target word from among five possible answer choices. The antonym test is identical except that subjects must choose an antonym instead of a synonym. The Shipley vocabulary test is a 40-item multiple-choice test in which subjects must choose a synonym of a target word from among four possible answer choices. For all tests, the number of correct answers was the measure of vocabulary ability.
Episodic memory. Episodic memory was based on three measures, each of which required immediate free recall of verbal stimuli. Because free recall is arguably the purest raw test of resource-demanding retrieval processes (i.e., recollective ability), this construct was presumed to primarily assess episodic recollection. Tests included recall of a 40-word list, recall of a 16-word list, and recall of two prose passages. The 40-word list included four words from each of 10 "thematic" lists, taken from Roediger, Watson, McDermott, and Gallo (2001) . These words were read aloud to participants at a rate of one word every 3 s, and participants recalled the words by writing them down on an answer sheet. The 16-word list included four words from each of four taxonomic categories. This list was the first list recalled from the California Verbal Learning Test (Delis, Kramer, Kaplan, & Ober, 2000) . The list was read to participants at a rate of one word per second and was recalled orally. Prose recall was measured using the Logical Memory subtest from the Wechsler Memory Scale-Third Edition (Wechsler, 1997a) , which measures recall of idea units from two brief stories that were read to participants by the experimenter and recalled aloud.
Results
The results are divided into three sections. In the first, we discuss the characteristics of each of the measures in the study in terms of their overall level of performance, relation to age, other measures of the same factor, and reliability. In the second section, we calculate various measurement models and discuss the correlations among the constructs. In the third section, we address the criterion validity of the constructs by examining the extent to which they mediate the relation between age and episodic memory, using structural equation models.
Descriptive Statistics and Reliability
Before calculating the descriptive statistics, four participants were removed from the analysis. We removed two participants from the analysis because their general cognitive ability was suggestive of possible dementia, that is, a Mini-Mental State Examination score of 26 or below. Two other participants were removed because they did not complete both sessions. Of the 202 participants left, no cases were identified as univariate or multivariate outliers.
Descriptive statistics are presented in Table 2 for each task used in the study, categorized by the construct each task measured. Although the sample was a continuous life span sample, for purposes of clarity of presentation, the data are divided into four age groups. All of the cognitive tasks were related to age except mental arithmetic and antonyms. Age correlations for each task are presented in Table 3 , along with the reliability for each measure. Most of the task reliabilities were computed for the present sample using coefficient alpha, except where noted in Table 3 . Internal consistency reliability was .55 or greater for all tasks. Note too that factor analytic models measure error for each task within each model. We also conducted a confirmatory factor analysis for the five factors included in the study to ensure reasonably strong factor loadings for each measure on the factor it was intended to measure. Using a minimum criterion for acceptability of fit as a comparative fit index (CFI) of .90 (Hu & Bentler, 1995) and a root-mean-square error of approximation (RMSEA) of Ͻ .10 (Browne & Cudeck, 1993) , the fit of the model was acceptable, 2 (109, N ϭ 202) ϭ 226.3, CFI ϭ .931, RMSEA ϭ .073. The factor loadings from this model are displayed in Table 3 , and the intercorrelations among the factors are reported in Table 4 . All of the factors were positively correlated ( p Ͻ .01) except for processing speed and vocabulary. It is important to note that the correlation between WMC and EF in this model was .96, indicating that the latent variables for each factor very strongly correlated, an issue we discuss at length in the next section. Age was then correlated with each of the constructs, with all of these age correlations being negative, except for vocabulary, which was positively correlated with age. This pattern of age relations is consistent with most previous studies of this type (e.g., Park et al., 2002; Salthouse et al., 2003) . Figure 1 displays the age effect on each factor in the study. These factor scores were computed separately for each factor, and then the average factor scores were plotted as a function of age group for the purposes of illustrating age effects.
Because the EF battery we used was created using a sample of older adults (Glisky et al., 2001) and has only recently been extended to use with younger adults (Chan & McDermott, 2007; Glisky & Kong, 2008) , we also examined the factor loadings for the EF battery separately for younger adults (ages 18 -54; n ϭ 100) and older adults (ages 55-90; n ϭ 102) to confirm that the tasks shared substantial variance for younger adults in addition to older adults. The factor loadings for the EF tasks were .48 or greater for each task and were similar for both age groups, with factor loadings for younger and older adults (respectively) of .61 and .61 for verbal fluency, .81 and .81 for mental arithmetic, .78 and .73 for the WCST, and .78 and .69 for mental control. Thus, the average factor loadings for the younger and older adults in our sample were not appreciably different, with an average deviation of .03. Note, too, that in all cases, for both age groups, the factor loadings were as large or larger than in the original Glisky et al. (1995) article (though Glisky et al. partialed out age from their factor analysis, which may have reduced the magnitude of their factor loadings). Hence, these results clearly converge on the utility of the EF battery originally developed by Glisky et al. and recently replicated and extended by Glisky and Kong (2008) .
Factor Analytic Models Examining Working Memory Capacity and Executive Function
One of the primary purposes of the present study was to investigate relations among WMC and EF, and to examine whether these constructs were distinct from processing speed. Accordingly, the next Note. WMC ϭ working memory capacity; EF ϭ executive functioning; EM ϭ episodic memory. Non-significant correlations are in italics. a The reliability estimates for all measures were assessed in the present study using coefficient alpha or split-half reliability with the Spearman-Brown correction, except for mental arithmetic, mental control, digit-symbol substitution, and Wisconsin Card Sorting Test. These reliability estimates were taken from the norms provided with those tests, and were assessed using test-retest reliability for mental arithmetic, mental control, and digit-symbol substitution (reported in Wechsler, 1997a Wechsler, , 1997b , and the intraclass correlation for WCST (reported in Tate, Perdices, & Maggiotto, 1998). analysis focused on the subset of these three constructs. The resulting Model 1, with factor loadings and factor correlations, is presented in Figure 2A , 2 (41, N ϭ 202) ϭ 126.7, CFI ϭ .915, RMSEA ϭ .099. The model fit statistics for Model 1 are presented in Table 5 as well. Remarkably, the correlation between the WMC and EF factors was nearly 1.0 (i.e., .97). In contrast, the correlations between each of these factors and processing speed were substantially lower (i.e., .77 and .81, respectively). Thus, although there is strong evidence to suggest that WMC and EF tasks measure a common underlying cognitive construct, tests of processing speed appear to measure a construct that is strongly related to WMC and EF but is nonetheless distinct from them (i.e., less than two thirds of the variance in processing speed was shared with WMC or EF). Model 2 examined the fit of the model when WMC and EF were collapsed into one factor, which we refer to as Executive Attention, but Processing Speed was still a separate factor (see Figure  2B ). The model fit was similar to the three-factor model, ⌬ 2 (2, N ϭ 202) ϭ 1.01, ns, but the latter model was more parsimonious given that fewer factors are computed in Model 2. Finally, we examined a model, Model 3, in which all of the measures loaded on one factor, and that model had a significantly poorer model fit compared with Model 2, ⌬ 2 (1, N ϭ 202) ϭ 81.2, p Ͻ .01. Thus, in terms of model fit and parsimony, Model 2, shown in Figure 2B , which collapsed WMC and EF into one factor and kept Processing Speed as a separate factor, was the preferred model.
We also considered Models 4, 5, and 6, which were identical to Models 1, 2, and 3 (respectively), but the influence of age on the factor intercorrelations was controlled by correlating age with each latent variable in each model. The results are shown in Table 5 . Notably, in the three-factor model, the strong correlation between WMC and EF was only changed slightly (.95), indicating that a common age relation was not driving the high correlation between these factors in Model 1. Controlling for age also reduced the correlations between WMC and processing speed (from .77 to .62) and EF and processing speed (from .81 to .70). In Model 5, WMC and EF were collapsed into a single factor, and this did not reduce the model fit significantly, ⌬ 2 (3, N ϭ 202) ϭ 1.7, ns. However, again, the one-factor model collapsing WMC, EF, and processing speed measures into a single model (Model 6) provided a significantly poorer fit than the two-factor model (Model 5), ⌬ 2 (2, N ϭ 202) ϭ 99.6, p Ͻ .01, indicating that tests of processing speed Figure 1 . Age-related differences in performance on each factor score for each cognitive domain. There were significant age-related declines in performance on all factor scores, except vocabulary, which showed an age-related increase. measured a factor that was distinct from tests of WMC and EF, even when the influence of age was accounted for. In summary, at the latent variable level, it appears that the tests of WMC and EF administered in the current study measured a common underlying construct, but that the processing speed construct was distinctly different from WMC and EF.
Role of Working Memory Capacity and Executive Function in Episodic Memory
Next, we investigated the role of WMC and EF in accounting for age-related variance in episodic memory using structural equation modeling. In each structural model, the effect of age on episodic memory was examined after controlling for WMC, EF, or their common variance (i.e., executive attention). In all cases, factor loadings in the structural models were within .05 of the loadings reported in Table 3 for the full measurement model, and thus the factor loadings are not reported for each model. The correlation matrix for all the measures is included in the Appendix to allow interested readers to re-create the exact models.
Fit statistics and correlations between latent variables in each of the models are presented in Table 6 . The leftmost column in the table shows the latent variables being related in the model, and the correlations between them are presented in the second column from the left. Before examining the mediation models, we computed a basic model examining the age effect on episodic memory. This model revealed a moderate negative relationship between age and episodic memory performance (-.41), similar to findings from other factor analytic studies examining verbal episodic memory performance (e.g., Park et al., 1996; Salthouse, 1995) . Fit statistics for the model are presented in the first row of Table 6 . Note that in all subsequent models, the significant direct age effect on episodic memory was reduced to a nonsignificant correlation. Several versions of Model A were computed to examine whether WMC or EF mediated the age effects on episodic memory. The first model, A1, included WMC as the mediator (see Figure 3A1 ). This model revealed a moderate age-related decline in WMC (r ϭ Ϫ.58) and a stronger correlation between WMC and episodic memory (r ϭ .73). The fit of the model was acceptable (see Table 6 for fit statistics for all subsequent models), and thus the model indicates that WMC is a plausible mediator of the age-episodic memory relation. Model A2 examined EF as the mediator and revealed correlations between latent variables that were similar to Model A1 (see Figure 3A2 ). Age and EF were moderately correlated (r ϭ Ϫ.54), and the correlation between EF and episodic memory was strong (r ϭ .73). However, the fit of this model was relatively poor, with a RMSEA over .10. It is likely that the poor fit of this model is at least partly the result of small age effects on two of the four measures that were used to measure EF (see Table 3 ). For present purposes, it is worth noting that despite the poor model fit, the correlation between EF and episodic memory in Model A2 is identical to the correlation between WMC and episodic memory in Model A1, which is consistent with the factor analytic findings showing that these latent constructs were similar to one another. Finally, Model A3 was included to examine whether a single factor comprising both the WMC and EF tasks was similar to the models with each of these as separate constructs. The measurement models provide an empirical basis for computing this structural model with one Executive Attention factor because the best fitting measurement model collapsed these measures into one construct (see Table 5 ). Note also that attempts to include WMC and EF as separate factors in models predicting episodic memory led to Heywood cases, which typically indicate that too many latent variables are included in the model (Bollen, 1989) . As shown in Table 6 , Model A3 fit somewhat better than the model with EF as the mediator (Model A2), and the correlation between this executive attention factor and episodic memory (.73) was similar to Models A1 and A2 (see Figure 3A3 ), which is not surprising given the results of the prior models.
In the three versions of Model B, shown in Figure 4 , processing speed was added as a mediator of the relationship between age and cognitive control and episodic memory. Adding processing speed to the model allows an examination of whether WMC and EF accounts for additional variance above and beyond a more general explanatory construct (e.g., processing speed) for the age-episodic memory relation. Indeed, despite WMC and EF sharing considerable variance that was distinct from processing speed, that distinct variance may, or may not, be important with respect to predicting episodic memory performance. Models B1-B3 allowed an examination of whether the variance common to episodic memory and WMC and EF was distinct from processing speed, or whether processing speed accounted for unique variance after controlling for WMC or EF.
Models B1, B2, and B3 were similar to Models A1, A2, and A3, but processing speed mediated the relation between age and WMC, age and EF, and age and executive attention. Because processing speed is believed to have a very general effect on constraining cognitive performance, any effect of WMC or EF above and beyond processing speed provides strong support for the notion that WMC or EF is an important mediator of the relation between age and episodic memory. Stated another way, these models allowed an examination of whether WMC and EF had any explanatory power above and beyond age-related declines in processing speed.
In Model B1, WMC was the mediator. As shown in Figure 4B1 , there was a strong age effect on processing speed (r ϭ Ϫ.81) and a strong correlation between processing speed and WMC (r ϭ .75). However, the inclusion of processing speed did not reduce the strength of the correlation between WMC and episodic memory as compared with Model A1 (the path actually increased slightly from .73 to .79). Processing speed was not correlated with episodic memory after controlling for WMC (r ϭ Ϫ.12). Thus, although the model indicates that it could be plausible that the age effect on WMC is mediated by processing speed because of the high cor- Note. CFI ϭ comparative fit index; RMSEA ϭ root-mean-square error of approximation.
relations, the more important point is that the correlation between WMC and episodic memory is not due to the effects of processing speed on WMC. Model B2 examined EF as the mediator of the age-episodic memory relationship. As with Model B1, there was a strong age effect on processing speed (r ϭ Ϫ.81) and a strong correlation between processing speed and EF (r ϭ .78; see Figure 4 ). However, the inclusion of processing speed did not reduce the strength of the correlation between EF and episodic memory, as compared with Model A2 (the path actually increased from .73 to .90). Moreover, processing speed was not correlated with episodic memory after controlling for EF (r ϭ Ϫ.25). Unlike Model A2, Model B2 also provided an acceptable fit (see Table 6 ). Again, it is noteworthy that WMC and EF led to similar correlations with episodic memory, regardless of whether processing speed was included in the models or not, revealing their similarity as explanatory constructs.
Finally, we also created an additional model, Model B3, based on all eight measures of WMC and EF that we label executive attention (see Figure 4B3 ). Like Models B1 and B2 with each construct modeled separately, including processing speed in the model with one Executive Attention factor did not reduce the correlation between executive attention and episodic memory (the path increased from .77 to .86). Consistent with the models that had not included processing speed, the correlation between executive attention and episodic memory (.86) was similar to the correlations between WMC or EF and episodic memory (.78 and .90, respectively) . Moreover, with processing speed included in Model B3, the CFI and RMSEA were acceptable (see Table 6 ), unlike Model A3, which included all eight executive attention measures but did not include processing speed.
Discussion
The present study examined the relation between WMC, a cognitive control construct borne out of the cognitive psychology tradition, and EF, a cognitive control construct developed from the neuropsychological tradition. The data were clear in showing that tasks intended to measure WMC and tasks intended to measure EF measured a construct with a high degree of similarity, which we refer to as executive attention. Furthermore this executive attention construct appears to be distinguishable from processing speed, a general cognitive ability construct. This conclusion was reached on the basis of a consideration of the strong correlation between Note. CFI ϭ comparative fit index; RMSEA ϭ root-mean-square error of approximation; EM ϭ episodic memory; WMC ϭ working memory capacity; EF ϭ executive functioning; EA ϭ executive attention; PS ϭ processing speed.
WMC and EF (r ϭ .97; see Figure 2 ), the weaker correlations between WMC or EF and processing speed (r Ϸ .79), as well as considering the pattern of correlations between WMC or EF and episodic memory.
Working Memory Capacity and Executive Function Tasks Measure a Common Attention Construct
The results of this study indicate that the complex working memory span tasks and EF tasks we measured shared a common underlying cognitive ability, which we refer to as executive attention (cf. Kane, Conway, Hambrick, & Engle, 2007; Posner & DiGirolamo, 1998) . Many other terms have been used to describe the ability underlying performance on complex cognitive tasks, including executive control (Logan, 2003) , attentional control , controlled attention (Engle et al., 1999) , cognitive control (Depue, Banich, & Curran, 2006; Jacoby et al., 2005) , and inhibitory control (Hasher et al., 2007) , to name but a few. We chose to call this common factor executive attention for several reasons. First, the ability common to the tasks in each battery appears to be an attentional ability. Indeed, both theoretical and empirical considerations converge on this conclusion (Banich, 2009; Braver et al., 2007; . Second, executive attention succinctly summarizes the functional nature of this construct; that is, it is an attentional ability that is related to executive control functions. Third, using the term executive relates the construct to models of WM and (obviously) models of EF. Finally, the term executive attention has also been used by other researchers studying individual differences in WMC Kane et al., 2007) and in cognitive neuroscience (Posner & DiGirolamo, 1998; Richards, 2008; Rueda, Posner, & Rothbart, 2005) .
Our conceptualization of the term executive attention is similar to that of Engle, Kane, and colleagues Engle et al., 1999; Kane et al., 2007) . They have proposed a theory of executive attention that proposes that two functions of the central executive are measured by WMC tasks. The first is the ability to Figure 4 . Structural equation models examining the relation between age and episodic memory, with processing speed mediating the relationship between working memory capacity (B1), executive functioning (B2), or executive attention (B3), and episodic memory. Solid lines represent significant correlations ( p Ͻ .01); dotted lines represent nonsignificant correlations. maintain a goal in an active state during task performance, an ability that has been proposed as crucial to EF as well (Banich, 2009; Braver et al., 2007; Duncan et al., 1996) . The second is the ability to resolve interference, particularly when there is conflict between a prepotent response and task demands, an ability that has similarly been noted as important for EF (Braver et al., 2007; Norman & Shallice, 1986; Persson & Reuter-Lorenz, 2008) . The finding that WMC and EF constructs were so strongly related is even more surprising if one considers that they were created for different reasons using different methods. Complex working memory span tasks, like the ones used in the current study, were originally developed to measure individual differences in the ability to concurrently store and process information (i.e., central executive functioning). Specifically, complex span tasks were believed to measure both the slave systems and central executive component of Baddeley's (1986) working memory model (Daneman & Carpenter, 1980) . Thus, complex span tasks were theoretically motivated, deductively derived tasks intended to measure functional differences in the efficiency of attentional allocation in the working memory system.
The EF battery of Glisky et al. (1995) was created using a method very different from the creation of WMC tasks and for a different purpose. Glisky and colleagues were interested in assessing individual differences in functioning associated with the frontal lobes in older adults. Data and theory in neuropsychology suggested that age-related deficits in source memory were similar to those seen in patients with frontal lobe damage, motivating the creation of this test battery. Moreover, Glisky and colleagues administered several standardized tests to a sample of older adults, and the tasks in the EF battery were those that loaded together on a factor in an exploratory factor analysis. Thus, in contrast to the deductive method used to create WMC task batteries, the creation of the EF battery used in the current study was inductive in nature. Despite the differences in the way in which the batteries of WMC and EF tasks were created, the overlap in their common variance was extremely high.
Given that WMC and EF tasks shared substantial common variance, we argue that the current data provide evidence for reciprocal validity for both of those constructs. Reciprocal validity can be defined as a particularly strong form of construct validity, such that two constructs that are strongly empirically related to one another lend support to the theoretical reality of each other. Thus, the present results lend support not only to the idea that these measured constructs are similar, but provide support for some of the similar assumptions made by each theoretical approach. For example, people who have traditionally studied WMC and EF have argued that each of these constructs is closely associated with functioning of the frontal lobes of the brain (Kane & Engle, 2002; Shallice & Burgess, 1993) . To the extent that there are strong data to back up this claim with respect to EF in neuropsychological patients, the current finding that the two constructs were so strongly correlated lends support to the notion that WMC is also related to frontal functioning in the brain. Similarly, fMRI data showing that WMC tasks requiring simultaneous maintenance and processing activate prefrontal cortical areas (Osaka et al., 2003) lends support to the idea that EFs are related to these brain areas.
Implications for Models of Working Memory Capacity
The finding that WMC as measured by complex span tasks were so strongly correlated with EF tasks lends support to the idea that the functioning of the central executive component of the multiple component model (Baddeley, 1986) is captured by complex span tasks. Indeed, Baddeley (1986) has conceptualized the central executive as the supervisory attentional system proposed in Shallice and colleagues' model of EF (Norman & Shallice, 1986; Shallice & Burgess, 1993) , and our data provide support for the idea that a common executive attention component is involved in working memory.
The data from the current study are also consistent with other approaches suggesting that individual differences in complex span tasks primarily measure attentional abilities, such as inhibitory control (Hasher et al., 2007) , goal maintenance (Braver et al., 2007) , or the focus of attention . Some of these approaches have taken a more fractionated view of the central executive, suggesting, for example, that WMC tasks measure multiple inhibitory processes (Hasher et al., 2007) . The data here do not rule out this possibility, provided that one assumes that either the same set of inhibitory processes was common to the WMC and EF tasks that were used in the current study or a single executive attention resource is common to multiple inhibitory processes. From the present data, the assumption that a single executive attention component underlies performance seems most parsimonious, but parsimony must be weighed against other factors such as the overall explanatory value of a theory, which is often a matter of debate, as in the current situation. Thus, the current data do not adjudicate between different explanations of individual difference in WMC, but rather provide support for models that propose a unitary character to the central executive component of working memory.
Implications of the Current Study for Theories of Executive Function
The current results converge with other data suggesting that the ability to control attention during goal-directed activity is common to many EF tasks (Diamond, 2006; Duncan et al., 1996; Wiebe, Espy, & Charak, 2008) . This finding may seem at odds with the idea that there are several distinct executive functions, but even proponents of a distinct factor approach have acknowledged that there is a unitary nature to EFs as well (Miyake et al., 2000; Friedman et al., 2006 Friedman et al., , 2008 . Thus, we do not view the current results as inconsistent with the notion that there are distinct EFs, but rather that EF tasks reflect both unity and diversity in terms of the cognitive abilities they measure.
Some might argue that the present approach, in which several EF measures that had loaded on a common factor was used, stacked the deck in favor of uncovering a common executive attention factor. However, as noted in the beginning of this article, each of the tasks we used in the EF battery has been used as a measure of specific EFs other than working memory (e.g., set shifting, response selection, inhibition, etc.). Thus, from the perspective that different tasks should measure different EFs, our results are unexpected. Moreover, we believe that if one were to examine the task demands of the tests used in the EF battery after seeing the results, and then argue that it is obvious that the EF tasks require working memory, they would be falling prey to a hindsight bias. The idea that each of the EF tasks requires an ability that is consistent with central executive function is the main point to draw from the current data, and we believe it is an important one, considering that many researchers would seem to predict otherwise (Heitz et al., 2006; Lehto, 1996; .
To put the matter another way, from a perspective focusing on the unitary nature of EF, it is assumed that it would be difficult to find several EF tasks that did not share a common executive attention component. Indeed, from the executive attention perspective of EF, any battery of disparate EF tasks administered to a sample (without a restriction of range in general abilities) should share considerable overlap with WMC tasks because of their common executive attention demands. That said, further research demonstrating a similar strong relationship between WMC and EF with a different EF battery (or batteries) will be necessary to provide converging evidence for the unitary nature of EF, but the battery we used contained several disparate EF tasks, providing initial support for this claim.
Another point worth noting related to the issue of the unity and diversity of EF is that our approach of focusing on the variance that is common to EFs is as valid an approach for understanding the unitary nature of EF as is focusing on the distinct variance for different EFs is for understanding the diversity of EF. It is important to note that the data presented here do not suggest that each EF task measures only a single common factor, but simply that performance on each EF task is at least partly dependent on a single common factor, which we refer to executive attention, in addition to other factors.
To understand how a common executive attention factor and distinct EF factors can simultaneously coexist, it is important to consider how task performance was modeled in the current study. The variance that was common to all the EF measures treated the variance that was specific to each task as error. For example, Figure 2 shows a factor loading of .69 for the WCST, which indicates that 48% of the variance in performance (.69 ϫ .69 ϭ .48) is shared with the other four EF tasks used to measure that factor. This means that 52% of the variance in WCST performance is modeled as error. It is likely that some of this "error" in WCST performance includes EFs that are not shared with the other four tasks measuring the EF factor. For example, the ability to shift between task goals may be important for WCST performance (Miyake et al., 2000) but may not be important for performance on mental arithmetic. Thus, any specific cognitive process, like shifting, that is not shared by all of the tasks of the EF factor will be modeled as measurement error in the common factor model we computed. This does not mean that the specific EFs that are not common to all of the tasks of the executive attention construct are unimportant to higher level cognitive function; rather, it is simply the case that the approach taken in the current study investigated the variance common to disparate tasks and did not investigate more specific EF constructs. If one were interested in examining the role of specific EFs in higher level cognition, a more appropriate approach would be that of Miyake et al. (2000; see also Friedman et al., 2006; Salthouse et al., 2003) , whereby multiple measures of each of several specific EFs, for example, shifting, updating, or inhibition, are administered to a large sample of subjects, and factor analytic models are used to examine multiple EF constructs concurrently.
Complex working memory span tasks were created to tap the central executive component of working memory, and tasks that require concurrent maintenance and manipulation of information have succeeded in fulfilling this goal (see , for a review). We would argue that span tasks that are structurally consistent with prototypical complex span tasks, like reading span and operation span, and are administered in a similar fashion (see Conway et al., 2005) should index WMC and, consequently, executive attention. Thus, there should be an "indifference of the indicator" (Spearman, 1927) in the measurement of WMC using complex span tasks, such that any complex span task could substitute for another in a factor analytic study with little change in the measured construct. Of course, different tasks will rely more or less on central executive functioning or task-specific abilities. As such, some measures may be better than others in terms of measuring this executive attention component and, therefore, will have higher factor loadings.
Unlike WMC tasks, EF tests are not nearly as similar in terms of their structure or task demands, making their interchangeability less clear. That is, because EF tasks have been created to test many disparate abilities, and many different methods are used across EF tasks, it is not immediately apparent that they would share a common ability. However, we would argue that most, if not all, EFs do share common requirements for executive attention, perhaps owing to the goal maintenance requirements of these tasks (Duncan & Owen, 2000) . Indeed, theoretically, all EF tasks should measure fluid abilities related to the completion of novel task goals (Burgess, 1997) . Thus, we would argue that if other disparate EF tasks were included in a factor analytic study, the common ability underlying performance on the tasks would be executive attention, which would be indistinguishable from the executive attention required for performance on complex span tasks. We believe that the current study, which included verbal, numerical, and spatial tasks of both WMC and EF in order to tap general WMC and EF abilities, provides a better test of whether WMC and EF share an executive attention construct than examining correlations between individual tasks or even factors that are underspecified (e.g., including only two indicators). We used four tasks to measure WMC and four tasks to measure EF, which assured that no one task had a disproportionate influence in defining either factor, and we used an adult life span sample, which ensured a range of variability on general abilities.
We should be clear too that we are not arguing that individual EF and working memory span tasks are necessarily interchangeable. Instead, we contend that it is important that multiple measures of a construct be used to define it to avoid unreliable or conflicting results. Because each EF and WMC test measures task-specific skills (e.g., set shifting or reading comprehension), as well as a common executive attention component, when single tests are used to define these constructs, it is unclear whether task-specific abilities are driving correlations with other measures, or whether these correlations are due to the common executive attention component of the task. This claim seems particularly important in the case of EF tests because they likely measure more specific EFs in addition to executive attention, but it has been common to associate specific EFs with a single task. This approach is precarious, however, because it is not possible to determine which specific factors underlie the correlation between a single EF test and an outcome measure (i.e., whether it is the general attentional component or a task-specific EF component).
Implications of the Study for Cognitive Aging
The data reported in the current study lend support to both the working memory aging hypothesis and the frontal aging hypothesis. Specifically, each of these hypotheses has suggested that age-related declines in complex cognition are the result of agerelated declines in frontal lobe functioning, and to the extent that the current behavioral measures are related to frontal lobe integrity, the current data support this claim. In the present study, the higher level cognitive function examined was episodic memory, which is arguably the most widely documented cognitive change associated with aging. The results were clear in showing that there were age-related declines in episodic memory associated with advancing adult age, and that when age-related declines in WMC or EF were accounted for, age differences in episodic memory were reduced or eliminated. Both WMC and EF behaved similarly in the models, regardless of whether speed was included in the models. Correlations between episodic memory and either WMC or EF ranged between .73 and .90, indicating that the control functions measured by these predictors were important for episodic memory performance (see Figures 3 and 4) . Combining all eight measures from both constructs in an executive attention construct led to a very similar result. Thus, the working memory aging hypothesis and frontal aging hypothesis were well supported here.
Limitations of the Current Study
We would be remiss if we did not note limitations of the current study, particularly concerning investigations of the unity and diversity of EF. As mentioned previously, because the EF battery we used did not sample all EFs, it is unclear whether the results we report would generalize to other sets of EF tests. For example, none of the tasks we employed is considered a measure of planning, an important EF measured in previous studies, and thus, it is unclear whether measures of planning (e.g., Tower of Hanoi; Arnet et al., 1997) tap the common ability measured by WMC and EF tasks in the current study. Given the lack of consensus regarding theory and measurement of EF, it is imperative to investigate whether the current results would replicate if a different set of EF tasks were used to measure EF.
The current study also does not allow firm conclusions regarding the specific nature of the ability that is common to WMC and EF. That is, we have labeled this common variance executive attention, but this term is somewhat underspecified and is based on prior theorizing about WMC and EF. Indeed, the approach we employed (i.e., factor analysis) does not provide much specificity with regard to the nature of the overlapping ability measured by WMC and EF, and future research will be required to better understand whether this overlap is due to an ability such as goal maintenance, inhibitory control, resistance to interference, or some other factor. Nevertheless, we believe that the ability underlying WMC and EF is attentional in nature on the basis of theoretical and empirical considerations mentioned previously.
Another limitation of the current study is that despite the success of the EF construct in accounting for age differences in episodic memory, the models including the EF tasks often led to poor model fits, with fit statistics always being poorer than comparable models including WMC. This appears to at least be partly the result of some of the EF tasks being only weakly related to age. In fact, mental arithmetic was not significantly related to age (-.11), and the correlation between verbal fluency was weak (-.18; see Table  3 ). Thus, although EF was a plausible mediator of age differences in episodic memory, some of the EF tasks themselves were only weakly related to age, and performance on these tasks was probably influenced by task-specific crystallized abilities that remained stable or improved with age (e.g., vocabulary and arithmetic abilities), which would be expected to leave considerable variance in performance unexplained. The idea that these EF tasks are strongly influenced by crystallized abilities also helps explain why age differences are not always found in EF or are often very small (see Chan & McDermott, 2007; Salthouse et al., 2003) , and further underscores the importance of administering multiple EFs and using factor analytic techniques when examining EF and aging. Note, however, that age sensitivity should not be a criterion for determining whether a task is a "good" EF task, especially because EFs by definition operate on other cognitive operations that might be unaffected by, or even improve, with age (Miyake et al., 2000) . Performance on EF tasks may be determined more by these taskspecific abilities than the EF abilities the tasks are intended to measure, complicating their interpretation.
A final limitation that we note is that the episodic memory factor employed in the current study was limited to immediate free recall of verbal information. As such, it is not clear whether the results of the current study would replicate using other types of episodic memory tasks (e.g., recognition, source memory) or for other types of materials (e.g., faces, visuospatial stimuli). Moreover, it is unclear whether the results of the current study would generalize to other outcome measures, such as reading comprehension or fluid intelligence. Thus, future research should be aimed at investigating whether the results we report here would generalize to other measures of episodic memory or other types of higher level cognitive functioning.
Concluding Remarks
Our study is the first large, cross-sectional study to examine multiple measures of WMC (as measured by complex span tasks) and EF using a factor analytic approach. Our results show that working memory measures and EF tasks share a large proportion of common variance. We suggest that work from these two traditions may be profitably wedded by focusing on a single underlying construct of executive attention, which we define as the common attention component required to maintain task goals and resolve interference during complex cognition. Our results also strongly support theories maintaining that a common ability, which we refer to as executive attention, is strongly related to complex cognition (i.e., episodic memory), and that age-related declines in executive attention account for age-related declines in episodic memory. 
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